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(54) Flask vent and method of making same 

(57) A closure (20) for sealing a micro-organism 
container (50) is disclosed. The closure (20) includes a 
resilient seal (24) for sealing the container (50), a pas- 
sageway (26) extending through the seal (24), or filter 
media (28) extending across the passageway (26) inte- 
grally molded to the seal (24) for allowing sterile gas 
exchange therethrough. A method of making a flask clo- 
sure (20) is also disclosed. The method includes mold- 
ing a sealing member (24) having a port (26) extending 
therethrough while simultaneously sealing a peripheral 
edge (31) of a filter media (28) within the passageway 
(26). 
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Description 

[0001 ] The present invention relates to a closure for 
a vessel or well. More specifically, the present invention 
relates to a closure for allowing sterile gas exchange s 
therethrough. 

[0002] The use of closure devices for covering 
microbiological vessels, such as flasks, has been a 
widely accepted and longly used practice in microbiol- 
ogy. Closures are used in order to prevent the contami- w 
nation of microorganisms being cultured or stored within 
the flasks by airborne contaminates or particulate mat- 
ter. Additionally, these closures have been used to pre- 
vent the escape of microorganisms being cultured or 
stored in the flasks from being released from the flasks 15 
where they can become airborne and become contami- 
nates themselves. 

[0003] It is, generally, an absolute necessity that 
microorganisms or cultures must be grown under sterile 
conditions. Likewise, such sterile conditions must be 20 
kept in cell cultures and present day genetic manipula- 
tions of cells and cell fractions. Depending on the type 
of microorganism being cultured, either aerobic or 
anaerobic, closures have been designed to accommo- 
date the specific growth requirements for each of these 25 
types of microorganisms. For example, aerobic microor- 
ganisms are only able to live in the presence of oxygen 
whereas anaerobic microorganisms are capable of 
growing, and in some circumstances are unable to 
grow, in the presence of oxygen. Therefore, for anaero- 30 
bic organisms a closure may be required which is capa- 
ble of maintaining sterile conditions within the interior of 
the flask or vessel by preventing the introduction of con- 
taminating microorganisms while at the same time pre- 
venting the entrance of oxygen into the container or 35 
vessel. The same issues relate to such genetic manipu- 
lations as cloning and hybridization. 
[0004] Another requirement for a microbiological 
vessel or flask closure, is that while maintaining the ste- 
rility of the microorganisms or cultures being grown 40 
therein, the closure should provide free access into the 
container or flask to facilitate the addition or removal of 
contents from the vessel or flask, such as sterile 
removal of microbiological culture from the vessel or 
flask. 45 
[0005] Historically, cotton or gauze was formed into 
a plug and was inserted into the opening of a container 
or flask. These cotton or gauze plugs serve the general 
purpose of preventing contamination of the container or 
flask while simultaneously permitting the free exchange so 
of oxygen with the atmosphere. This type of closure has 
many deficiencies such as it can be difficult to resterilize 
the plug for, subsequent use and after repeated usage, 
this type of plug tends to readily decompose. 
[0006] Another type of similar closure is described 55 
in United States Patent Number 3,326,401 to De Long 
this closure is adapted to fit over the open end of a 
microorganism container. The closure further includes a 



disposable plug made from a porous material which is 
positioned within the closure. This device has the defi- 
ciency that it does not allow for a seal between the clo- 
sure and the container or flask to be established. 
[0007] Another more recent development in micro- 
biological container or flask closures provides the 
advantage of a filtering device combined with a plug 
type closure. This closure is referred to as the Steri Plug 
(CTP Corp. Huntington, New York). This device is con- 
structed of multiple components including a stopper 
portion, a filter, and associated gaskets and retainers. 
Because of its complex design, this type of closure is 
expensive and cumbersome to use. 
[0008] Additionally, a cap is described in U.S. Pat- 
ent No. 5,180,073 to Fay et al. This cap has an outer 
collar and an inner collar and the top portion includes a 
permeable section. However, this device does not dis- 
close the use of a permeable section made from filter 
media nor does it disclose the method for making a cap 
including a sealing portion and filter media in a single 
step. 

[0009] Therefore, it would be desirable to have a 
closure assembly for use with microbiological contain- 
ers or flasks in which the closure assembly includes a 
filter membrane and a seal which allows for creating an 
air and fluid tight seal between the closure and the con- 
tainer or flask and in which the closure assembly can be 
produced in a one step process thereby eliminating the 
complexity and lowering the cost of assembly and man- 
ufacture and eliminating the deficiencies described 
above for prior art closure devices. It would also be 
advantageous to apply this technology to muftiwell 
plates. 

[0010] In accordance with the present invention, 
there is provided a closure for sealing a microorganism 
container which includes a resilient seal for sealing the 
container, a passageway extending through the seal, 
and a filter media extending across the passageway 
integrally molded to the seal for allowing sterile gas 
exchange therethrough. 

[0011] The present invention further provides a 
method of making a closure by molding a seal having a 
passageway extending therethrough while simultane- 
ously sealing a peripheral edge of a filter media within 
the passageway. 

[0012] The present invention also provides a multi- 
well plate assembly, which includes a tray including a 
plurality of wells therein and a closure for sealing at 
least some of the wells, the closure includes a resilient 
framework having a plurality of sealings interconnected 
by the framework for sealing engagement with at least 
some of the wells into which the sealings are disposed, 
at least one of the sealings includes a passageway 
extending therethrough and filter media extending 
across the passageway for allowing sterile exchange 
therethrough in and out of the well in which the sealings 
are disposed. 

[0013] The present invention provides a closure for 
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sealing a container which includes a resilient framework 
including a plurality of sealings interconnected by the 
framework with at least one of the sealings including a 
passageway extending therethrough and filter media 
extending across the passageway for allowing sterile 
exchange therethrough. 

[001 4] The present invention further provides a plu- 
rality of plugs, each of the plugs including an opening 
extending therethrough defining a central axis for each 
of the plugs and a resilient framework interconnecting 
each of the plugs. 

[0015] The present invention also provides a clo- 
sure member which includes a plurality of wells, each of 
the wells including an opening extending therethrough 
and a framework interconnecting the wells. 
[0016] Other advantages of the present invention 
will be readily appreciated as the same becomes better 
understood by reference to the following detailed 
description when considered in connection with the 
accompanying drawings wherein: 



Figure 1 is a side view of a closure assembly in 
accordance with the present invention; 

Figure 2 is a top view of a closure assembly in 
accordance with the present invention; 

Figure 3 is a cross-sectional view of Figure 2 taken 
along line 3-3; 

Figure 4 is a top view of a preferred embodiment of 
the present invention; 

Figure 5 is an exploded perspective view of a pre- 
ferred embodiment of the present invention; 

Figure 6 is a side view in cross-section of a mold for 
making the present invention; ' 

Figure 7 is a side view in cross-section of a mold for 
making the present invention; 

Figure 8 is a top view of a further embodiment of 
the present invention; and 

Figure 9 is a side view of the further embodiment of 
the present invention. 

[0017] Referring to Figures 1 through 4, a closure 
assembly for sealing a microorganism container 50 is 
generally shown and designated by the reference 
numeral 20. Referring specifically to Figure 1, the clo- 
sure assembly 20 includes a resilient seal or plug 24 for 
sealing the closure 20 to a container 50. The closure 
assembly 20 further includes filter media 28 integrally 
disposed and connected within the seal or plug 24 for 
allowing sterile gas exchange therethrough. 
[0018] The container 50 can be a flask, microtitre 



plate or other known type of container which retains liq- 
uids and microorganisms or cells, or cellular compo- 
nents therein for the purpose of propagating aerobic or 
anaerobic microorganisms or conducting other biologi- 
5 cal manipulations, such as hybridization, PCR, etc. The 
container 50 is preferably made of glass or pyrex®, 
plastic or other suitable materials which can withstand 
autodaving or other such methods of sterilization. 
[0019] The closure 20 can also include a port or 
io passageway 26 axiaily disposed within the seal or plug 
24 which extends through the seal or plug 24 allowing 
fluid communication between the container 50 and the 
external atmosphere. The passageway or port 26 is 
defined by a cylindrical side wall 25. 
is [0020] The seal or plug 24 is generally frustoconical 
in cross-section. The seal or plug 24 can be tapered and 
have a shape similar to a wedge. When an insertion end 
42 of the seal or plug 24 is inserted into the container 
50, the closure assembly 20 forms an air and liquid-tight 
20 seal with an inner surface 52 of the container 50. The 
side wall 25 of the seal or plug 24 is graduated and, 
therefore, it can be inserted into containers 50 having 
variously sized openings therein and form an air and liq- 
uid-tight seal therewith. The cross-sectional diameter of 
25 the wall 25 of the seal or plug 24 increases in the direc- 
tion opposite of the insertion end 42 of the seal or plug 
24 as shown in Figures 1 and 4. Since an infinite 
number of diameters can be accommodated, the clo- 
sure assembly 20 can be used with and create both air 
30 and liquid-tight seals with variously sized containers 50. 
[0021] The resilient seal or plug 24 is a generally 
unitary member formed of a resilient material which is 
capable of conforming and sealing to the contours of the 
openings of flasks or containers 50. The resilient seat or 
35 plug 24 is constructed of a material which is capable of 
deflecting and/or yielding to sealingly conform to or to 
sealingly engage with the inner surface 52 of a con- 
tainer such that both an air-and liquid-tight seal is 
formed and maintained therewith. The seal or plug 24 
ao can be constructed or manufactured from suitable flexi- 
ble and resilient materials, for example, silicones, natu- 
ral synthetic rubber materials, polypropylenes, 
polyolefins, polyesters, polyamides, polycarbonates, 
polystyrenes, styrenes, co-polymers, and fluoroplastics. 
45 This list is not meant to be exhaustive and can include 
other suitable materials known to those skilled in the art 
without departing from the spirit of the present inven- 
tion. 

[0022] The closure assembly 20 further includes at 
so least one filter media 28 in the form of a filter having a 
top surface 29, a bottom surface 30, and a peripheral 
edge 31. In a preferred embodiment, the filter 28 is 
somewhat flat or disk-shaped. The peripheral edge 31 
of the filter 28 is sealed within the port or passageway 
55 26 which axiaily extends through the seal or plug 24. 
The seal between the peripheral edge 31 and the seal 
or plug 24 must be both air- and liquid-tight in order to 
maintain the integrity and/or sterility of the closure 20 
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and contents of the container 50. The filter media 28 
must be positioned and affixed within the port or pas- 
sageway 26 such that any fluids (gaseous or liquid) can 
only pass through the filter media 28 and not around the 
periphery of the filter media 28 thereby breaching the 
sterility of the closure 2Q/container 50 system. In other 
words, the peripheral edge 31 of the filter media 28 
must be affixed to the plug or seal 24 in such a manner 
to form a seal therein such that when the closure 20 is 
in place in the opening of the container 50, fluid and/or 
gas exchange can only occur across the filter media 28 
thereby maintaining the sterility of the container 50 and 
its contents. 

[0023] The filter 28 can be sealed within the pas- 
sageway 26 of the seal or plug 24 by affixing or inte- 
grally molding the filter 28 within the port or passageway 
26. 

[0024] Referring to Figure 4, another embodiment 
of the closure assembly 20 is shown. In this embodi- 
ment, the closure 20 has a generally cylindrical shape 
and is designed to fit over the container 50 and forms an 
air and liquid tight seal with an outer surface 54 of the 
container 50. The embodiment shown in Figure 4 can 
be made in any desired size and therefore can be con- 
structed to fit any size container 50. 
[0025] In order to provide rigidity in support to the 
filter 28, a support 32 can be provided adjacent to the fil- 
ter. The support can be disposed about and below the 
peripheral edge 31 of the filter 28. The support 32 can 
be disposed about the peripheral edge 31 at a position 30 
approximately level with the position of the peripheral 
edge 31. Referring specifically to Figure 6, the support 
32" can be disposed about and above the peripheral 
edge 31 of the filter 28. The support 32 can be a ring 
molded or affixed to either the bottom of the peripheral 35 
edge 31 , the top of the peripheral edge 31 , or molded or 
affixed to the peripheral edge 31 in the same plane as 
the filter 28. The support can be constructed of any suit- 
able materials including a metal, such as stainless steel, 
and plastic. The material comprising the support 32 40 
must be able to withstand the temperatures and pres- 
sures encountered during autoclaving. 
[0026] Alternatively, the support can include a 
mesh-like matrix disposed on either the top 29 or bot- 
tom 30 of the filter 28 (not shown). The support member 45 
32 can be constructed of any suitable material, such as 
the same material as comprises the closure 20. 
[0027] The filter 28 and the support 32 are posi- 
tioned within the port or passageway 26 of the seal or 
plug 24 and can be fixed in place by means such as so 
affixation during molding of the seal or plug 24 or can be 
positioned and fixed in place following molding of the 
seal or plug 24 such as by gluing or embedding the filter 
28 and support 32, in the plug or seal 24 to the seal clo- 
sure 20. 55 
[0028] A skirt 90 can be added around the outer 
perimeter at the support 32, as an additional measure to 
ensure proper seal closure. 



[0029] The filter 28 and the support 32 can be 
affixed to one another by means including molding or 
other types of affixation such as gluing, cementing ultra- 
sonics, insert molding, heat sealing or UV curing. 
5 [0030] The filter media 28 can include any suitable 
materials or membranes such as depth media including 
HEPA or OPA rated glass microfiber, cotton wool, a 
steel plug, hydrophobic membranes such as polypropyl- 
enes, polytetrafluoroethylenes (PTFE), polysulfones, 
10 polyvinyldifluoride (PVOF), or any other porous mate- 
rial. Further, the filter material may be woven or non- 
woven and may contain multiple layers. These multiple 
layers may be made up of the same or different filter 
media 28. This list of materials is not intended to be 
is exhaustive and other suitable materials known to these 
skilled in the art can be utilized without departing from 
the spirit of the present invention. The filter media 28 is 
made from a material which is capable of permitting the 
exchange of gas thereacross, but will not permit the 
20 passage of micro-organic contaminants. 

[0031] The closure assembly 20 can include at 
least one aperture or opening 36 extending there- 
through to allow for the insertion of tubing, thermometer 
or the like therein. Since the aperture 36 is disposed 
25 within the seal or plug 24, the aperture 36 is able to con- 
form and perfect a seal about any tubing or the like 
placed therein. The aperture 36 allows for sterile access 
to the interior of the container 50 and the contents 
therein without the risk of introducing any contamina- 
tion. 

[0032] The present invention can be adapted to be 
an effective sealing device for a multiwell tray system. 
As shown specifically in Figure 5, the closure assembly 
20' can include a resilient framework 56 which contains 
therein a plurality of sealings 58 which are intercon- 
nected by the framework 56. This resilient framework 56 
can be constructed of any suitable materials including 
metal, such as stainless steel and plastic. However, this 
list is not meant to be exhaustive and can include other 
suitable materials known to those skilled in the art with- 
out departing from the spirit of the present invention. 
[0033] As shown in Figures 6 and 7, the assembly 
can be a three part system. The system includes an 
upper member 90 and lower member 92. The sealings 
or plugs 58 are made up of a female portion 60 of the 
lower member 92 having at least one opening 70 
extending therethrough and a male portion 68 also hav- 
ing an opening 71 extending therethrough. The male 
portion 68 of the upper member 90 is made such that it 
is disposed within the female portion 60 and the open- 
ings 70, 71 are properly aligned. Fitted between the 
female portion 60 and the male portion 68 is a filter 
media 28 which extends between the openings 70, 71. 
The filter media 28 is made from a material which is 
capable of permitting the exchange of gas thereacross, 
but will not permit the passage of microorganic contam- 
inants, such media having been discussed above. 
[0034] The upper member 90 and the lower mem- 
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ber 92 portions can be connected by any bonding tech- 
nique which is capable of holding the two parts together, 
for example, glue, heat welding, suction force, ultrasorh 
ics or injection molding. 

[0035] More specifically, the male portions 68 
define the plugs which each have a wall 25 extending 
from the resilient framework 56 thus interconnecting the 
plugs 24. Each of these plugs 24 have a base portion 72 
which includes at least one opening 71. Additionally, 
each of the female portions 60 defines a well 74 having 
side walls 27 and a bottom base portion 64 which 
includes an opening 70. Each of the walls 25 of the plug 
24 fit in sealing engagement with the side walls 27 of the 
well 74. 

[0036] Each of the side walls 25 of the plugs 24 also 
includes a shoulder 76 extending outwardly therefrom 
thus forming a sealing shoulder 76 about said wall por- 
tion 25, forming a perfect seal against the side walls 27 
of the well 74. The shoulder 76 acts as a sealing ring to 
engage the well and further perfect a seal therewith. 
This sealing engagement forms a liquid tight seal which 
is maintained therewith. 

[0037] The seal or plug 24 can be constructed or 
manufactured from suitable, flexible and resilient mate- 
rials, for example, silicones, natural or synthetic rubber 
materials, polyolefins, end fluoroplastics. This list is not 
meant to be exhaustive and can include other suitable 
materials known to those skilled in the art. 
[0038] Referring specifically to Figure 5, the multi- 
well plate assembly can include a tray 80 including a 
plurality of wells 96 therein. The closure assembly 20' 
includes the resilient framework 56 which has therein 
the plurality of sealings 58 which are interconnected by 
the framework 56. The sealings 58 can be forced to 
sealing engagement with at least some of the wells 74 
into which the sealings 58 are disposed. At least one of 
the sealings 58 includes a passageway 86 extending 
therethrough. Additionally, filter media 28 extends 
across the passageway 86 for allowing sterile exchange 
of gas therethrough in and out of the well 74 upon which 
the sealing 58 is disposed. 

[0039] Additionally, as shown in Figures 8 and 9, 
the closure assembly 20 can be a multiwell assembly 
made of a single piece of material. Preferably, the 
assembly 20 is injection molded with the filter media 28 
placed within the assembly 20 such that the peripheral 
edge 31 of the filter 28 is sealed within the passageway 
26 in the seal plug 24 while the closure assembly 20 is 
being formed. 

[0040] As shown in Figures 8 and 9, the assembly 
can be formed into a single piece including plug sec- 
tions 100 surrounded by gripping portions 102. The 
gripping portions sealingly engage the upper portion of 
walls 104 of the tray wells. Media 106 is integrally con- 
nected to the framework of the plug sections. 
[0041] The present invention further provides a 
method of making a flask closure 20 by molding the seal 
or plug 24 having the port or passageway 26 extending 



therethrough while simultaneously sealing the periph- 
eral edge 31 of the filter media 28 within the port or pas- 
sageway 26. That is, a one-piece, unitary closure 
assembly 20 is formed while simultaneously sealing the 
5 peripheral edge 31 of the filter 28 within the passage- 
way 25 of the seal or plug 24. The molding step is 
accomplished by techniques well known to those skilled 
in the art. 

[0042] The present invention can be practiced with 
w various shaped filter medias 28 as shown in Figure 1 
and Figure 4 as long as the filter media 28 can be sup- 
ported and the peripheral edge 31 of the filter media 28 
is available for sealing affixation to the passageway 26 
of the sealer plug 24. Additionally, the present invention 
is can be practiced with multiple layers of filter media 28. 
These layers may be made up of Layers of the same or 
different filter media 28. Also, a single sheet of filter 
media 28 may be utilized for the entire assembly 20 by 
placing the filter media 28 inside the assembly 20 prior 
20 to an injection molding procedure. 

[0043] The method of forming the closure assembly 
20 can also include the step of disposing the support 32 
within the passageway 26 either during the molding step 
or following the molding step. The method generally 
25 includes sizing the filter media 28 to a desired size. The 
support 32 can also be specifically dimensioned. The fil- 
ter media 28 and the support 32 can be loaded into a 
mold cavity and are held in place on top of core pins by 
locator pins. A suitable material, such as silicone, can 
30 then be injected into the mold cavity. The silicone fills 
the mold cavity and encapsulates the filter media 28 
and support 32 and can then be cured by means such 
as utilizing heat from the mold. After a suitable curing 
period, the closure assembly 20 can be removed from 
35 the mold. 

[0044] In another method embodiment of the 
present invention as shown in Figures 8 and 9, the clo- 
sure assembly 20 is made by gluing or otherwise affix- 
ing a die cut filter 28 onto the support. Specifically, an 
40 activator, such as Loctite 770, is applied to the top sur- 
face at the support 32. This is allowed to dry for approx- 
imately three minutes or time as required for the 
activator. A bead of adhesive, such as Loctite 454, is 
then applied to the same surface onto which the filter 
45 media 28 is immediately pressed. After the adhesive 
has dried, the assembly 20 is ready for usage. 
[0045] The invention has been described in an illus- 
trative manner, and it is to be understood the terminol- 
ogy used is intended to be in the nature of description 
so rather than of limitation. 

[0046] Obviously, many modifications and varia- 
tions of the present invention are possible in light of the 
above teachings. Therefore, it is to be understood that 
within the scope of the appended claims, reference 
55 numerals are merely for convenience and are not to be 
in any way limiting, the invention may be practiced oth- 
erwise than as specifically described. 
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Claims 

1. A closure (20) for sealing a micro-organism con- 
tainer (50) said closure (20) comprising: 

s 

resilient sealing means (24) for sealing the con- 
tainer (50); 

a passageway (26) extending through said 
sealing means (24); and 

at least one fitter medium extending across w 
said passageway (26) integrally moulded of 
material different from that of said resilient 
sealing means to said sealing means (24) for 
allowing sterile gas exchange therethrough. 

15 

2. A closure (20) according to claim 1 , wherein said fil- 
ter medium includes a filter membrane (28), typi- 
cally of a hydrophobic material. 

3. A closure (20) according to claim 2, wherein said fil- 20 
ter membrane (28) includes at least one support 
means (32, 32\ 32", 32 ,M ) disposed adjacent to said 
filter membrane (28) for supporting said filter mem- 
brane (28). 

25 

4. A closure (20) according to any of claims 1 to 3, 
wherein said sealing means (24) has a frustoconi- 
cal cross section and/or wherein said sealing 
means (24) is a unitary member having a port (26) 
extending therethrough and said filter medium (28) 30 
integrally moulded within said port (26). 

5. A closure (20) according to any of claims 1 to 4, 
wherein said sealing means (24) includes at least 
one aperture (36) extending therethrough to allow 35 
insertion of tubing therein. 

6. A closure (20) according to any of claims 1 to 5, 
which includes a resilient framework including a 
plurality of said sealing means interconnected by 40 
said framework. 

7. A closure (20) according to claim 6, wherein each of 
said sealing means includes a female portion hav- 
ing at least one opening extending therethrough 45 
and a male portion including an opening extending 
therethrough, said male portion being disposed 
within said female portion whereby said openings 
are aligned, said filter media being contained 
between said male and female portions and so 
extending between said opening. 

8. A closure (20) according to claim 7, wherein each of 
said male portions define plugs having a wall 
extending from a framework interconnecting said 
plugs, each of said plugs having a base portion 
including at least one of said openings, each of said 
female portions defining a well having side walls 



and a bottom base portion including one of said 
openings, each of said wails of said plugs fitting in 
sealing engagement with said side walls of said 
wells. 

9. A closure (20) according to claim 8, wherein each of 
said side walls of said plugs include a shoulder 
extending outwardly therefrom forming a sealing 
shoulder completely about said wall portion thereof 
for perfecting a seal against said side wails of said 
well. 

10. A method of making a closure by moulding a seal- 
ing member having a passageway extending there- 
through while simultaneously sealing a peripheral 
edge of a filter medium within the passageway. 

11. A multiwell plate assembly comprising: 

a tray including a plurality of wells therein; and 
a closure for sealing at least some of said wells, 
said closure including a resilient framework 
having a plurality of sealing means intercon- 
nected by said framework for sealing engage- 
ment with at least some of said wells into which 
said sealing means is disposed, at least one of 
said sealing means including a passageway 
extending therethrough, and filter media 
extending across said passageway for allowing 
sterile exchange therethrough in and out of 
said well in which said sealing means is dis- 
posed. 

12. A closure for sealing a container, said closure com- 
prising: 

a resilient framework including a plurality of 
sealing means interconnected by said frame- 
work, at least one of said sealing means includ- 
ing a passageway extending therethrough; and 
filter media extending across said passageway 
for allowing sterile exchange therethrough. 

13. A closure member comprising: 

a plurality of plugs, each of said plugs including 
an opening extending therethrough defining a 
central axis for each of said plugs; and 
a resilient framework interconnecting each of 
said plugs. 

1 4. A closure member according to claim 13, wherein 
each of said plugs includes a side wall disposed 
about said axis and a base portion, said opening 

ss extending through said base portion, said side wall 
including a flange extending outwardly therefrom 
and completely thereabout. 
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15. A closure member comprising: 

a plurality of wells, each of said wells including 

an opening extending therethrough; and 

a framework interconnecting said wells. 5 
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